Introduction.
Studying the nature of villi in different parts of the small intestine is important to comprehend the digestion-absorption process in animals (Moran, 1982) . Previous work on intestinal villous structures has shown variations from finger-like in pigs (Waxter, 1972) to plate-like in mice (Rao and William, 1972) and young chickens (Bayer et al., 1975) , and to totally flat mucosa occurring during disease (Creamer, 1973) . Several villous forms were also reported in different segments of small intestines even within the same species (Bayer et al., 1975) .
The present study was conducted to determine whether villous structures reported by Bayer et al. (1975) The jejunum revealed leaf-like villi at x 100 magnification (figure 2-A). Projection of these villi towards the luminal surface was less extensive than that in the duodenum, i.e, the villi to crypts ratio in the jejunum was only 1.5 : 1. At the higher magnification ( x 2 000), goblet cell pores in the jejunal villi (figure 2-B) were similar to those observed in the duodenum (28 cells per unit area). However, considering the ratio of villi to crypts in duodenum and jejunum, the number of goblet cells per unit area of intestine was greater in the duodenum.
Examination of the ileal villi at x 100 magnification also revealed leaf-like structures ( figure 3-A) , but these were more narrow than those in the jejunum.
Villi in the ileum were more extensively projecting towards the luminal surface as compared to those in the jejunum, but were less extensive than those in the duodenum, i.e. a ratio of 3. (Moran, 1982) , and the partial digestion occurring in this region is considered to be an extension of gastric digestion rather than intestinal digestion. Villi exert their mixing function through different patterns of villous motility. These were described in different species by Green and Greene (1984) , as pumping movement, pendular movement, and tonic contractions. No indication, however, was given as to which of these patterns occurs in chickens. Conceivably, the power of villous motility is proportional to the number of villi per unit area. The large amount of villi in the duodenum may allow a greater supply of fibers from the ganglionated nerve plexus of the submucosa to the villi smooth muscle and, hence, allowing sufficient nerve stimulation of villous motility at this site. It is also possible that the abundance of villi in the duodenum allows greater surface area exposed to the gastric acid HCI. This would stimulate release of larger amounts of the mucosal hormone villikinin, which acts on villous motility. These two mechanisms (nervous and hormonal) may provide a clue for the unique mixing function performed at the duodenum.
Having goblet cells concentrated in the duodenum serves to buffer highly acidic digesta from the stomach through the action of goblet mucin, in addition to bile and pancreatic juices. The nature of mucin has been described by Forstner and Forstner (1986) (1968) found no differences between the segments when the in situ uptake of glucose was measured. More recently, Riesenfeld et al. (1980) found that absorption of glucose in chickens duodenum increased linearly as the dietary concentration increased from 39 % to 73 %, suggesting that glucose absorption is concentration-dependent regardless of the mucin barrier. As the digesta passes through the jejunum and the ileum, the actual « intestinal » digestion takes place through pancreatic and intestinal enzymes (Boorman, 1976 ; Levin, 1976 ; Freeman, 1976 ; Bondi, 1987) . As observed by SEM, the number of goblet cells in the jejunum and the ileum was small relative to that in the duodenum. Therefore, the minimal use of goblet mucin as a barrier at the distal part of the small intestines allows for better absorption. This is particularly so for the jejunum in spite of the larger number of goblet cells observed in this region relative to that in the ileum. The « paradox » here could, however, be explained by the findings of Mongin et al. (1976) in a study of absorption in chickens and rabbits in relation to the osmotic pressures along the digestive tract. As the digesta passed through duodenum, jejunum and ileum there was a change in the luminal osmotic pressure from 571 to 650 to 573 respectively. The higher osmotic pressure at the jejunum allowed for greater absorption due to a higher degree of polymer cleavage.
Conclusions.
The following are conclusions from this study and from relevant literature : 1. The abundance of villi observed at the duodenum makes this region serve mainly as a mixing site through an active villous motility resulting from nervous and hormonal stimulation.
2. Further, the large number of goblet cells on the duodenal villi makes duodenum act also as a neutralizing site through the action of goblet mucin, in addition to bile and pancreatic juices. 3. Because of the thick mucin layer adhering strongly to the duodenal epithelium, a small amount of absorption occurs in that region with the exception of carbohydrates. 4. In spite of the greater amount of goblet cells in the jejunum relative to that in ileum, jejunum is the main site of digestion and absorption of all nutrients.
